Abstract. When the interplanetary magnetic field (IMF) encounters the Earth's magnetosphere, it is compressed and distorted. This distortion is known as draping, and plays an important role in the interaction between the IMF and the geomagnetic field. This paper considers a particular aspect of draping, namely how the orientation of the IMF in a plane perpendicular to the Sun-Earth line (the clock angle) is altered by draping in the magnetosheath close to the dayside magnetopause. The clock angle of the magnetosheath field is commonly estimated from the interplanetary magnetic field (IMF) measured by upstream monitoring spacecraft either by assuming that the draping process does not significantly alter the clock angle ("perfect draping") or that the change in clock angle is reasonably approximated by a gas dynamic model. In this paper, the magnetosheath clock angles measured during 36 crossings of the magnetopause by the Geotail and Interball-Tail spacecraft are compared to the upstream IMF clock angles measured by the Wind spacecraft. Overall, about 30% of data points exhibit perfect draping within ±10 • , and 70% are within 30 • . The differences between the IMF and magnetosheath clock angles are not, in general, well-ordered in any systematic fashion which could be accounted for by hydrodynamic draping. The draping behaviour is asymmetric with respect to the y-component of the IMF, and the form of the draping distribution function is dependent on solar wind pressure. While the average clock angle observed in the magnetosheath does reflect the orientation of the IMF to within ∼30 • or less, the assumption that the magnetosheath field direction at any particular region of the magnetopause at any instant is approximately similar to the IMF direction is not justified. This study shows that reconnection models which assume laminar draping are unlikely to accurately reflect the distribution of reconnection sites across the dayside magnetopause.
Introduction
The solar wind carries the interplanetary magnetic field (IMF) towards the Earth. As the solar wind flow is deflected around the Earth's magnetic field, its orientation changes, as the field is frozen into the solar wind plasma. This phenomenon is known as draping.
The relative orientations of the magnetic fields in the magnetosheath and the magnetosphere may be crucially important in determining the location and rate of magnetic reconnection, the most important process by which the solar wind couples to the Earth system (Dungey, 1961) . In the Sonnerup (1974) model, the reconnection rate depends on the magnetic shear. In the antiparallel reconnection hypothesis, reconnection at the dayside magnetopause occurs where the shear angle is close to 180 • (Crooker, 1979) .
Models of draping include the gasdynamic model of Spreiter et al. (1966) , the analytic magnetosheath model of Kobel and Flückiger (1994) , and simplest of all the perfect draping approximation. Luhmann et al. (1984) used a gas-dynamic draping approximation to model the antiparallel locations on the magnetopause for a range of IMF orientations. The Kobel and Flückiger model has been used by Cooling et al. (2001) in calculating the motion of reconnected flux tubes along the magnetopause. A perfect draping approximation was used by Coleman et al. (2000 Coleman et al. ( , 2001 and Rodger et al. (2000) to model the location of antiparallel regions on the dayside magnetopause and their ionospheric footprints. All of these draping models give rise to qualitatively similar antiparallel regions: For purely southward IMF, a single antiparallel region extends along the equator and across much of the dayside, if a y-component is added to the IMF it results in two antiparallel regions which move to higher latitudes as the clock angle increases, and northward IMF gives rise to small antiparallel regions at the northern and southern lobes. The quantitative differences between the models are smallest near the subsolar point, and increase smoothly towards the flank regions, but all models agree on the general shape and approximate location of antiparallel reconnection sites.
Single-spacecraft studies of the magnetosheath field have been made by Kaymaz (1998) , who compared IMP-8 observations approximately 30 R E downtail of the Earth with gasdynamic model predictions, and Dunlop et al. (1999) , who studied the properties of the low-latitude dawnside flanks of the magnetopause in detail with the Equator-S spacecraft. The former paper finds that the field orientation in the y-z plane is consistent with the magnetohydrodynamic (MHD) model for southward IMF, and with both the gas dynamic and MHD models for northward IMF, except in the immediate vicinity of the magnetopause boundary, where turbulent structures are observed. This turbulence near the magnetopause was also reported in earlier analyses of the same data set (Kaymaz et al., 1992 and 1995) . The paper by Dunlop et al. (1999) is primarily concerned with the shape of the magnetopause boundary, but does note that the magnetosheath field appears to be highly draped. Twospacecraft observations, relating the magnetosheath field to the upstream solar wind, have been done for a small number of case studies: Zhang et al. (1996) presented three case studies of combined ISEE-3 and ISEE-2 observations, finding that upstream measurements allowed a reasonably accurate estimate of magnetosheath parameters except in the immediate vicinity of the magnetopause, while Petrinec et al. (1997) studied six Geotail passes through the magnetosheath region downstream of Earth, in conjunction with the corresponding solar wind data from the Wind spacecraft, in order to test an MHD model of the magnetosheath velocity field.
In this paper, magnetic field orientations measured during 36 crossings of the magnetopause, by the Geotail or Interball-Tail (GIT) spacecraft, are compared to the relevant upstream IMF orientations measured by the Wind spacecraft. The aim is to investigate how well, or otherwise, a "perfect draping" model fits the data, to establish the magnitude and character of the angular differences between magnetic field orientations in the IMF and in the magnetosheath, and to investigate how these depend on solar wind conditions and on the magnetopause region where the crossing takes place.
Time series analysis
The core of this study is the comparison of two time series: the magnetic field orientation measured in the solar wind by Wind, and that measured in the magnetosheath close to the magnetopause by GIT. The magnetic field data used in this paper come from the MFI instrument on Wind (Lepping et al., 1995) , the MGF instrument on Geotail (Kokubun et al., 1994) , and the MFI instrument on Interball-Tail (Klimov et al., 1997) . Plasma data come from the SWE instrument on Wind (Ogilvie et al., 1995) , the CPI instrument on Geotail (Frank et al., 1994) and the ELE instrument on Interball-Tail (Sauvaud et al., 1995) . Time resolutions are 1 min.
There are two basic steps in analysing any particular magnetopause crossing: identifying the time of the crossing, and calculating the time delay between the crossing measurements and the corresponding upstream solar wind data. A third step becomes necessary when dealing with several independent crossings. In order to take into account the variability of the magnetopause location, the position data of the magnetopause crossing spacecraft is scaled to fit a standard reference magnetopause. This allows data from different crossings, with different magnetopause locations, to be more meaningfully compared. Each of these three steps is described in more detail below.
Crossing identification
The first stage is to determine from orbit plots and a model magnetopause a suitable interval where a crossing is expected (typically a 24 h interval). The criteria are that the GIT spacecraft orbit must intersect the CDAWeb model magnetopause (http://cdaweb.gsfc.nasa.gov/cdaweb/ moreabout.html) during the interval, that this intersection must be closer to the middle of the interval than to the start or the end, and that the Wind spacecraft must be situated such that its distance from the line between the Sun and the GIT spacecraft is small compared to the distance between Wind and the GIT spacecraft. In cases where the second criterion is not satisfied, the start and end times of the interval are shifted by 6-12 h in order to bring the crossing time closer to the centre of the interval. This is a precaution to ensure that the initial data set contains all data relevant to the crossing. The third criterion, relating to the distance of Wind from the Sun-GIT line, eliminates those spacecraft configurations in which substantial differences between the solar wind phase front experienced by Wind and that incident on the magnetopause would be most likely. The goal at this stage is simply to identify data intervals within which a suitable crossing is likely to be found. Assessing the data quality and choosing an appropriate section of the data for quantitative analysis are left until a later stage.
For this interval, the magnetic field clock angle at Wind and the GIT spacecraft are calculated from the magnetic field components of each spacecraft. The clock angle is defined as arctan(B y /B z ), where the magnetic field vector is (B x , B y , B z ) in Cartesian GSM coordinates. The transition parameter for the magnetopause crossing is also calculated, in the manner set out by Hapgood and Bryant (1992) . This transition parameter is derived by fitting a cubic curve to the temperature (T) and number density (N) data, with log 10 N as the independent variable and log 10 T as the dependent variable. The transition parameter for each data point is then the distance along this curve between an arbitrary origin and the data point in question, normalised such that the parameter varies from 0 in the magnetosheath to 100 in the magnetosphere. The physical basis of the transition parameter is that density and temperature are anticorrelated during a boundary-layer crossing, and Hapgood and Bryant show that it is effective in distinguishing magnetosheath from magnetosphere data.
For Geotail, the transition parameter is calculated from the ion temperature and density; for Interball, from the electron temperature and density. A short study was done, comparing ion data with electron data for intervals where both were Fig. 1 . An example of the magnetopause crossings used in this paper. The upper two panels show the magnetic field clock angles measured by the Wind and Geotail spacecraft; the Wind data have been timeshifted as described in Sect. 2.2. The third panel shows the transition parameter derived from the Geotail data (see Sect. 2.1) and the estimated time of the magnetopause crossing. In the bottom panel, the clock angle data from both spacecraft are overlaid, and the magnetopause crossing time indicated. This data set is from day 118, 1999. available, showing that ion data gave similar transition parameter results to electron data for Geotail.
Typically, the signature of a magnetopause crossing is a large discontinuity in the transition parameter, coincident with a change in the behaviour of the clock angle measured by the magnetopause-crossing spacecraft. Within the magnetopause, the clock angle varies slowly and is uncorrelated with the upstream IMF direction, whereas in the magnetosheath the clock angle is highly variable and often exhibits gross features (e.g. steps) which can be matched up with similar features in the IMF data. A typical magnetopause crossing is illustrated in the top three bands of Fig. 1 , which shows the variation of the clock angle at Wind, and of the clock angle and transition parameter at the GIT spacecraft, respectively, for one of the intervals used in this study. Where a crossing can be clearly identified in the transition parameter and in the comparison between Wind and spacecraft clock angle, the magnetopause boundary is set at that point. Where no clear crossing can be identified, the interval is discarded: this occurred for eight events. In the case of multiple magnetopause crossings, the only data used is from outside the first inbound or last outbound crossing. In general, the discontinuity in the behaviour of the spacecraft clock angle around the time where the transition parameter indicated a crossing was very marked, and allowed the boundary to be set by visual inspection. By comparing the Wind and GIT clock angle data, and by inspecting the transition parameter time series and the GIT orbit data, a time is then chosen when the GIT spacecraft is unambiguously deep into the magnetosheath. The precise time chosen is somewhat arbitrary: this procedure is used simply to cut the size of the data files to be processed. A reduced data interval is then formed, bounded by these two times: data which lies outside this interval is discarded. Typically, the reduced data intervals are several hours in extent. The reduced intervals used in this paper are detailed in Tables 1 and 2 . 
Time delay
In order to relate the magnetopause observations made by a GIT spacecraft to the upstream observations made by Wind, it is necessary to estimate the time delay between the spacecraft: that is, the time interval between a phase front encountering Wind, and the same phase front subsequently encountering the GIT spacecraft. In this study, the time delay is calculated for each data point in the following manner. First, an initial estimate of time delay is calculated by dividing the distance between Wind and GIT at each time-step in the GIT data by the mean value of the x-component of the solar wind velocity during the interval. For each GIT timestep, the time delay is subtracted from the GIT time, and the Wind data point closest to that time is determined. Then an array is constructed of time-shifted Wind data points corresponding to the unshifted GIT data points.
Significant changes in the solar wind velocity, such as occur at the bow shock, would introduce a systematic offset into this initial estimate. In order to take account of this offset, two further steps are taken. First, the cross-correlation function (CCF) of the GIT clock angle and the time-shifted Wind clock angle are calculated over the entire interval. The Wind data are then further shifted by the lag which maximises the CCF.
Finally, the Wind and spacecraft clock angles are overlaid on a plot (bottom panel, Fig. 1 , and visually inspected. If necessary, an additional time-shift was introduced in order to improve the match between the clock angles when the spacecraft is well out in the sheath. This was done in about a quarter of cases, typically by less than 5 min. In order to build up an aggregate picture of draping, all the GIT spacecraft boundary crossing position data are scaled such that the crossing fits a standard magnetopause. In this paper, the magnetopause used is the Tsyganenko 96 (T96) ellipsoidal magnetopause, which scales in a self-similar fashion according to the solar wind pressure (Tsyganenko, 1995) . For the reference magnetopause, a pressure of 2.0 nPa is used, close to the long-term solar wind average, giving a subsolar magnetopause distance of 11.08 R E .
The model position of the T96 magnetopause is set by the solar wind pressure. However, this position does not always correspond to the true magnetopause location (Ober et al., 2000; Pinnock et al., 2002) . Accordingly, the measured solar wind pressure is not used in this paper to set the model boundary. Rather, this boundary is found by iteratively adjusting the pressure parameter in the T96 model until the model magnetopause includes the spacecraft position at the time of boundary crossing.
Once the model magnetopause has been fitted to the observed boundary crossing, the dimensionless ellipsoidal coordinates of the GIT spacecraft trajectory are calculated in the pressure-adjusted model, using the formulae in Tsyganenko (1995) . From these, the cartesian coordinates of the spacecraft trajectory in the unadjusted, reference model are calculated. These are the scaled coordinates, which are used in the analysis in Sects. 3 and 4. . Clock angles measured near magnetopause, and angular differences from perfect draping, for unsmoothed data. The mean position of the data points (in GSM coordinates) within each 2 R E bin is shown as a filled circle, and the mean clock angle is indicated by a line. The standard deviation of the clock angles within each bin is indicated by an arc of total angular extent equal to twice the standard deviation. The colour coding indicates the difference between the mean clock angle measured near the magnetopause, and that observed in the corresponding upstream IMF data: green for a difference of less than 30 • , blue for a difference between 30 • and 90 • , and red where the difference is greater than 90 • . The histograms show the distribution of angular differences over the entire magnetopause ("All"), and the subsolar, flank, and high latitude regions. The extent of these regions is shown on the magnetopause plot.
Data integration
Once the scaling to a standard magnetopause has been performed, data files for each crossing interval are created. These comprise the scaled GIT magnetosheath-crossing data (namely spacecraft position, magnetic field clock angle and magnetic field cone angle for each time step) and the corresponding, time-shifted Wind data (namely the magnetic field clock angle and cone angle for each time step). GSM coordinates are used throughout, with the Wind data converted into the GSM frame appropriate for the corresponding GIT data points.
For the main analysis, the data files for each GIT magnetopause crossing are concatenated into one combined data file. Also, all files where solar wind pressure is >2 nPa are concatenated into a high-pressure file, and where pressure ≤2 nPa into a low-pressure file.
This entire procedure is then repeated, with the additional step of smoothing the magnetic field data. The magnetic field clock angle and cone angle time series, for both the Wind spacecraft and the GIT magnetopause-crossing spacecraft, are smoothed with a boxcar filter. This is done for a filter width of five minutes (the analysis was also performed using a ten-minute filter, with essentially identical results). A standard boxcar filter would simply calculate the mean of the data points contained within the filter width. This is not appropriate when smoothing angles, because of the mathe- ]. The standard deviations in these two cases are compared. Whichever case gives the lower standard deviation is the case whose mean is used in the analysis.
Sorting, binning and presentation
The data are spatially binned and averaged to produce plots with a standard format, like that of Fig. 2 . The left-hand panel shows the dayside magnetosheath projected in the y-z plane, and is divided into grid squares of side 2 R E . For all data points lying within a given grid square, the mean angle and position are calculated and plotted: the position is marked by a filled circle, and the angle is indicated by a line. Note that the mean position is not, in general, the centre of the grid square. The standard deviation is shown as an arc segment: the arc subtends an angle of twice the standard deviation, centered on the mean angle. The angular difference from perfect draping is shown by the colour coding: green for a small difference (≤30 • ), blue for a moderate difference (>30 • and ≤90 • ), and red for a large difference (>90 • ). Table 3 . Distribution of absolute angular differences between the clock angle of the magnetosheath field measured within 2 R E of the magnetopause and the time-shifted IMF clock angle. The subsolar region is defined by |y|<5 R E and |z|<5 R E , the high-latitude regions, defined by |z|≥5 R E , and the equatorial flanks, defined by |y|≥5 R E and |z|<5 R E . N is the total number of points in the magnetopausecrossing data. The mean and standard deviation of the angular difference are shown in the columns "mean" and "s. Another view of the data is given in histogram form in the right-hand panels. Here, the data are sorted by the clock angle deviation -that is, the difference between the clock angle measured by the magnetopause-crossing spacecraft and that measured upstream by the Wind spacecraft -and binned into ten-degree intervals. In addition to the histogram for the whole magnetopause, three other histograms are shown for the data spatially sorted into three magnetopause regions: The subsolar region, defined by |y|<5 R E and |z|<5 R E , the high-latitude regions, defined by |z|≥5 R E , and the equatorial flanks, defined by |y|≥5 R E and |z|<5 R E . 
Results
The first set of results are for data which has been filtered only for distance from the magnetopause: All data points in the magnetosheath whose scaled position is less than 2 R E from the reference model magnetopause are retained, and all other data points are discarded. The analysis is performed for unsmoothed data (Fig. 2 and Table 3) , and for data which has been smoothed with a five-minute boxcar filter (Fig. 3 and Table 4), as described above. improve the fit to perfect draping by a few percent. However, a Kolmogorov-Smirnov test shows that there is no significant difference at the 95% level between the smoothed and the unsmoothed data sets. The smoothed data sets are used throughout the remainder of this paper.
There are clear differences between the magnetopause regions. The equatorial flanks have the smallest mean difference from perfect draping, but the largest standard deviation, while the largest mean difference is at high latitudes, and the least variability can be seen in the subsolar region. Note in particular that, in the subsolar region, more than 50% of data points are within 10 • of perfect draping (for the smoothed data set). This fraction drops to 23.4% in the high latitude regions, and 19.3% in the flanks. Table 5 show the results for draping near the magnetopause when the IMF is northward. In addition to filtering for distance from the magnetopause (as in the previous case), the data are also filtered so that only data points corresponding to a clock angle measured by the Wind spacecraft less than 15 • and greater than −15 • are retained.
With smoothing as above, the standard deviation of the angular difference is lowest at the subsolar point (43.64 • ), highest at high latitudes (72.64 • ), and intermediate on the flanks (61.59 • ). The strikingly high variability at high latitudes may be due to enhanced flow irregularities in the cusp entry layer (Haerendel et al., 1978) 
Southward IMF
As in the previous case, the data set here is limited to those points within 2 R E of the model magnetopause surface. The data is further filtered so as to only include data points which correspond to a clock angle measured by the Wind spacecraft of greater than 165 • or less than −165 • . Figure 5 and Table 6 show the results. Here, there are very few (only 4) data points from the subsolar region. The standard deviation in this region is 34.82 • . The flanks have a similar standard deviation to that in the high latitude areas, despite having a greater percentage of points within 10 • of perfect draping. This is because the flanks also have a larger number of angular differences greater than 60 • . Compared to the northward case, all regions show substantially lower standard deviations, and the magnitude of the mean difference is less in all regions except the subsolar. It might be expected that the flank regions would show greater differences in the southward case, as an equatorial reconnection region stretching along the flanks and through the subsolar point may increase disturbances in these regions of the magnetosheath. Reconnection scenarios in which the x-line is moved away from the equatorial flanks due to the IMF B y component or the effect of the Earth's dipole tilt may go some way towards explaining this observation. It is difficult to draw firm conclusions about the subsolar region, due to the small number of data points.
A Kolmogorov-Smirnov test shows that the difference between the northward IMF and southward IMF data sets is significant, at the 95% level. Even without such a test, it is clear from the magnetopause plots that the magnetic field direction is broadly northward over most of the magnetopause when the IMF is northward, and broadly southward when the IMF is southward. This is consistent with the wellestablished role played by the z-component of the IMF in driving the magnetosphere-ionosphere system (Cowley and Lockwood (1992) and references therein), as a southward (northward) IMF yields a broadly southward (northward) magnetosheath field which gives rise to a greater (lesser) Fig. 9 . Clock angles measured near magnetopause, and angular differences from perfect draping, for high solar wind dynamic pressure. Format as Fig. 2.   Fig. 10 . Clock angles measured near magnetopause, and angular differences from perfect draping, for low solar wind dynamic pressure. Format as Fig. 2. reconnection rate. Thus, the mechanism which gives rise to the correlation between IMF clock angle and reconnection rates measured in the ionosphere is confirmed by this study. However, the large proportion of substantial differences from perfect draping indicate that this global relationship between the IMF and the magnetic field which drives the magnetosphere does not necessarily translate to a local correspondence in time and space between the IMF direction and that of the magnetosheath field. There are significant differences between the two cases. At the flanks and at high latitudes, the distributions of angular differences are much broader in the positive B y case. At the flanks, this is coupled with a higher standard deviation: This is not the case at high latitudes, because the distribution in this region in the negative B y case has a high-end tail at large positive angular differences.
As in the case of northward and southward IMF, there is a broad similarity between the IMF direction and the clock angles shown in the magnetopause plots, but substantial local divergences from perfect draping. What is different in this case is that the clock angles at high latitudes appear to follow a systematic pattern in many cases. For example, in the vicinity of Y =−10 R E , Z=−10 R E , in both the positive and negative B y cases, the magnetic field directions are roughly aligned along an arc. This suggests an ordered draping effect, in which the magnetic field lines are distorted so as to approximately follow the shape of the magnetopause boundary. This effect disappears at lower latitudes, and is absent for other IMF orientations, and so a systematic draping effect seems to be the exception, rather than the rule.
Cone angle filtering
The previous analysis has not considered what influence the cone angle of the IMF might have on the magnetic field draping. Figure 8 and Table 9 show the results of repeating the analysis of section 4 for all IMF clock angles, but with the restriction that the cone angle is in the range 45 • to 135 • (i.e. within 45 • of being exactly perpendicular to the x-axis). This cone angle filtering makes the draping closer to perfect, in that the standard deviation is less than it is without cone angle filtering, and the magnitude of the mean angular difference is smaller in all regions except the equatorial flanks. These differences are significant at the 95% level, and may reflect a physical dependency of the draping process on the angle between the magnetic field and velocity field vectors in the oncoming plasma. This same cone angle filtering has also been applied to the restricted data sets of Northward and Southward IMF respectively, see Sects. 4.1 and 4.2 for definitions of these data sets.) In both cases, the differences between the results with cone angle filtering and the results without it are not significant.
Pressure filtering
As described in Sect. 3, the data were divided into two subsets, corresponding to high and low solar wind pressure. The analyses of Sects. 4, 4.1 and 4.2 were performed on both these data subsets. The results are shown in Figs. 9 to 14, and Tables 10 to 15. In general, the high pressure case exhibits lower angular differences from perfect draping.
Without filtering by clock angle, the distributions of angular difference are clearly different in the high and low pressure cases. The main source of this pressure-related difference is in the form of the distribution of angular differences in the high-latitude regions, with the low-pressure case having a much broader and less symmetrical distribution than the high-pressure case. A Kolmogorov-Smirnov test shows that the differences in these distributions are significant (at the 95% level). Unfortunately, filtering by pressure removes all the flank data points from the low-pressure data set, so it is not possible to determine the effects of solar wind pressure on magnetosheath draping in the equatorial flanks.
There is also a significant difference between the high and low pressure cases when the data are restricted to southward IMF (as defined in Sect. 4.2). This conclusion only applies to the high latitude region, however, as this is the only region for which data fitting the IMF and pressure criteria exists. When the same analysis is performed for northward IMF (as defined in Sect. 4.1), no significant difference is found between the high and low pressure data sets.
Conclusions
Overall, only about 30% of data points exhibit perfect draping within ±10 • , and only 70% are within 30 • . Removing cone angles which are more than 45 • from perpendicular improves the perfect draping fit, by preferentially filtering out the most extreme angular differences. Southward IMF data are closer to perfect draping than northward IMF data: This is particularly marked in the high-latitude regions, probably due to cusp effects. Magnetosheath draping is not symmetric with respect to B y : The angular deviations at the flanks and at high latitudes are distributed very differently when B y is positive than when B y is negative.
Some of the deviations from perfect draping, particularly in the high-latitude flanks, roughly follow the magnetopause shape. These can be understood in terms of gas-dynamic draping at the magnetopause surfaces. Most angular differences, however, are not so well-ordered, and perfect draping is generally a better approximation than gas-dynamic draping, in which the magnetopause shape gives rise to systematic deviations from perfect draping which are not seen in most of the data presented in this paper. Thus it is not a safe assumption, particularly when considering regions far from the subsolar point, to generally assume that the magnetosheath field is related to the upstream IMF in some fairly simple, regular fashion.
There are three possible sources for this complex behaviour: Structure in the solar wind, disorder introduced by the transition from the solar wind to the magnetopause, and complex phenomena at the magnetopause surface. There is no reason to expect the effects of solar wind structure to vary according to magnetopause location or IMF orientation, so this cannot explain all the variability seen in this study. In addition, the time delay calculations of Sect. 2.2 involved matching the GIT clock angle measured far from the magnetopause crossing with the upstream clock angle observed by Wind: The relative closeness of this match, compared to that seen near the magnetopause, further suggests that phenomena near the magnetopause are an important contributor to the variability. Highly structured flows, including turbulent flows, near the magnetopause, are one plausible candidate. This is likely to be particularly important in the high-latitude regions, as discussed in Sect. 4.1. Other possibilities include departures of the magnetospheric field from the static, quasi-dipolar field of the Tsyganenko 96 model. Waves on the magnetopause surface, such as Kelvin-Helmholtz waves, may result in departures from perfect draping, particularly in the equatorial flank regions, while magnetic reconnection and the consequent motion of flux tubes across the magnetopause can create a disordered magnetic field structure over any part of the magnetopause, particularly for southward IMF. In general, the magnetosphere is open and always reconnecting (Lyons et al., 1994) , so any oncoming IMF phase front will typically encounter a reconnecting magnetopause rather than a quasi-dipole. The effects of these surface phenomena on the magnetosheath field immediately upstream, close to the magnetopause, are not clear. Nevertheless, interactions between the magnetosheath plasma and a complex, structured magnetopause may play a part in producing the highly variable draping behaviour shown in this paper.
The main question in this paper is this: Given an upstream measurement of the IMF orientation, what can we say about the orientation of the magnetosheath field close to the magnetopause? It is safe to assume that a southward IMF usually leads to a generally southward magnetosheath field, and similarly for northward, eastward or westward IMF. That is, the average IMF and magnetosheath clock angles are similar when averaged over a sufficiently large spatial scale. It is not safe to rely on the orientation of the magnetosheath field at any given patch within 2 R E of the dayside magnetopause on 5-min averaged timescales being similar to that observed in the upstream IMF, or to that predicted by any simple gasdynamic or analytical model.
These results are important for models of reconnection in which the magnetosheath magnetic field orientation plays a significant role and, in particular, suggest that a greater understanding of the spatio-temporal structuring of the solar wind and magnetosheath, and consideration of its effects, are needed.
